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SLIM M4RY
Twelve male volunteer subjects with flying e.vperience were required to read one of two

digital altimeters while performing a two dimensional tracking task.Jt was found that the
Smiths Type 38 servo altimeter was read in a significantly shorter time than was the ,4ero
Mechanism Type 8047/ 20,4 capsule altimeter. Furthermore, an ergonomic appraisal of
the latter instrument and a subjective evaluation by the suhject.c indicates that the proha-
bility of misreading this altimeter is high.
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I . iNT R ODU CTION

Followun~ a proposal to lIt the Aero Met hanism Is pe K047 , 20A capsule altimeter to RAAF
Mirages as a bac k-up instrument , it was considered necessary to in’.esti gatc its readability. The
Aircra ft Research and Development l.n it (AR I)t ) accordingl\ requeste d ARL to undertake
the insesti gation. The initial impress ions of an AR DL te s t pilot who had used the instrument
in flight were that the chances of misreading the digital part of t he dispIa~ were high. On the
ot her hand, the main adsantage of ’ using a capsu le altimeter is that it operates indcpendcntl~
of the aircraft electrical power system. Furthermore , it could he argued that the readahilit)
of a hack-up instrument need not he as good as t he primary instrument. Howese r engineering
constra ints appeared likely to result in the hack-up instrument being mounted in a position on
t he panel where it would be particularly eas~ to see. namels. c lose to the airspeed indicator
or radar so that pilots might use it in preference to the main displu)

Accuracy and speed of reading cannot be assessed adequatel y in absolute terms in laboratory
tr ials in which the levels of arousal , wor kload and general comfort of ’ t he user would he ~a st l ~
different from those apply ing under operational conditions. Ilo~scsc r such tr ials can provide
data on the re/ a/ i vi readability of dili~rcnt instruments under t he same conditions the assump-
tion being that the change in environment from the laboratory to the aircraft cockpit will not
differentially affect their readability to a signif icant degree.

The Smiths Type 3H sc rso altimeter has a large easil~ readable display which wa s regarded
by the ARDU test pilots as satisfactor y . Consequently it w as decided to use this as a reference
or contro l condition in the laboratory trials.

Thus the evaluation of the Aero Mechanism altimeter for use in the Mirage aircraft consisted
of two main parts: the Iahorator~ evaluation in which the performance of subjects using it under
carefully control led conditions was compared with that when the Smiths Type 3B servo altimeter
w as used and flight trials in which the readahilit~ of the Acro Mechanism altimeter was assessed
under operational cond itions.

This report describes t he outcome of the laboratory part of the esa luation. The other
part of t he evaluation has been published by ARDU1.

2. DEsC RIPTION OF THE ALTIMETERS

Both altimeters have a digital read—out of tens of thousands and thousands of feet. Smaller r
increments of altitude are displayed by the pointer and circular scale which is marked otT in
hundred and twenty feet intervals in both instruments. The counter on the Smiths Type 3(~ has
five segments . The first (ext reme left ) displays black and white cross hatching between altitudes
of ,ero and 10 0(X) feet . As t he pointer moves through 50 feet from 950 to 10(X). the
‘t housands’ figure changes from one digit to the next. Similarly the ‘hundreds ’ digits change
w ithin 5 feet increments. However the final tw o digits change in steps of 50 feet and are both
on t he same drum which rotates continuously with changes in altitude. A comma separating
the thousands from the hundreds column improves the readability of the display although the
use of a comma is becoming deprecated in modern usage. Readability of this instrument is also
cnh inced h~ the re latively large displa~ (w hich is approsimatel y 81 mm sv ide) and h~ tw o re-
dundant ~ources of information hundreds and tift~ feet increments can be read from the
counter as we ll as from the dial.

1 he counter of t he Aero Mechanism Type 8047 20A altimeter compr ises two w indow s
h hind wh ic h the tens of thousands and the thousands drums rotate. Three icros are painted

• Rosal Austra lian Air lorcc . Mirage Aircraft— Evaluation of Counter Pointer Alt imeters
( Main and Standby) and Vertical Accelerometer Mirage Modilkation 833. A ircraft Research
and Development ( nit , Laverton , Oct . 197 5 .



horszontal l~ across on the dial next to the thousands drum and because the drive to this drum is
continuous , the digits on t he drum move continuously as the altitude changes. This means that
for most of t he time tw o  digits are displayed within the thousands window which is
leuigtliened in the vert ical direction so that both can be seen simuitaneousl y. The tens of t housands
drum changes i t s  re.idin~ during t he preceeding thousand feet interval. The width of the dial
of t his instrument is 56 mm. The displays of both altimeters are shown full size in Figure 1.

3. OLTl .INE OF THE EXPERIMENT

During each of the two main experiment runs the subject was required to read as quickl~as possib le each of f ive successi ve readings on one of the two altimeters . To provide an additional
source of wor kload the subjects were also required to control the point of intersection of two
mutua Il~ perpendicular lines on an oscilloscope screen by means of a small linger-operated
contro l stick mounted on the arm of the subject ’s chair. Three indices of perl’ormance were
measured dur ing each trial : the time taken to read the altimeter: the number of reading errors
tor eac h instrument : and the integrated absolute error on the tracking task. Details of the
experiment are given below.

3.1 Subjects

Tw elve male volunteer subjects who had experience either as pilots or nav igators participated
in the experiment. Five of the subjects were RAAF personnel and the other seven wer e from
the technical stall of ARL . Answers to a post-exper iment questionnaire indicated that none of
t he subjects had used either of the instruments previousl y in t heir fly ing esperience .

3.2 Equipment

General v iews of the equi pment are show-n in Fi gures 2 and 3. A Negrezii and Zambia
precision pressure regulator ( 8 2 5  to 445 0 kPa) interposed in the air line between a vacuum
pump and t he altimeter enabled the experimenter to make both coarse and tine ad~ustments
to t he readings of the altimeters. The altimeters were mounted one at a time behind a circular
aperture w hich had been cut into a small panel. A small servo motor opened a shutter when a
hand-held push button switch was operated h~ t he experimenter. This also started an electronic
timer w hich measured the exposure duration. Another hand-held switc h , w hich w as operated
by the subject , caused the shutter to close and the timer to stop. A circuit diagram of this is gis en
in Figure 4. T

The compensatory tracking task involved, amongst ot her things. a disp la~ on a Type 556 fr
Dual Beam Tektronix Oscilloscope . The oscilloscope w as mounted on the bench directl y in
front of t he subject beside the altimeter aperture which was angled slightI~ to give the subject
a direct 90 view of this display also. This is shown in Figure 2. Movement of the horizontal
and vertical lines on the oscilloscope occurred in response to signa ls from an analogue computer
and t he subject ’s tas k was to try to keep the intersection of the lines within a small black reference
c ircle which had been placed on the centre of the oscilloscope screen. Displacement of the ve rt i~.il
line to the right indicated an increase in the angle of bank to the right of a simulated delta wing
tighter aircraft , and displacement of the horizontal line upwards from the circle indicated an
increase in pitch angle. Consequentl~. contro lling the position of the intersection of the lines
amounted to controlling the attitude of the simulated aircraft . The aerodynamic coefficients
w hich were chosen for this simulat ion were those which would he app licable to the aircra ft
conf igured for a landing approach.

Signals from a random noise generator were used to produce perturbations of the t wo
lines the amplitudes of the perturbations being those that could he expected when flying
t hrough moderately turbulent air. One of the random signa ls ( ± 5 V hinan noise) w as fed into
the longitud inal dynamics to perturb the second derivative of pitch angle while a delayed version
of this signal with an amplitude of ±2 V was introduced into the lateral dynamics causing a
perturbation in the first derivative of hank angle. The delay was such that the disturbing signa ls
seemed uncorrelated to the subject. These amplitudes were chosen in a preliminary run during
which a test pilot subjectively judged whether or not the size of the perturbations was realistic.
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FIG.2.  AGEN ERALV I EW OF THE LAVOUT OE THE EXPERIMENTAL EQUIPMENT
SHOWING:

L 

(a) the analogue computer , (b) the needle valve , (c) the a ltimeter behind the aperture .
(d) the timer , (e) the noise generator and (I) the display of integrated absolute error.
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FIG. 3. A VI EW OF THE EQUIPMENT SHOWING , IN PARTICULAR:
• (a) the subject ’s chair , (b) the forearm rest , (c) the control stick , (d) the track ing task

display, and (e) the altimeter display.
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l)uring each es.pcriinental run , the absolute valt ies 1’ )  the t w o  errors . that is . .iiieii.’ of b~iih eri ’r
and pitt h ang le error , w ere intcer ~ited co nt inuousi~ on an eq u .i i —we ig l i t i r i g basis . l)cta i ls 1 t h e
realization ~‘t the latera l and longitudina l dynam ics . and the characteri s t ics l the noise sign ii
are pi~~s .  ‘d i i  fl~’fld p~ I

\ Iountcd o n the ri~ lit h a n d  side of the Lii,i ir w a s a fl a t metal plate to prov ide the suh~cct
w i t h a forearm rest and in f ront  of this w a s a small c i i i t r o i  bo~ see l- IL’ure 2) .  l3~ movine the
contro l s t i c k left and rig ht the sublect could CaU se the ver t i c a l  line on the (‘R( ) screen to move
to the le f t  and to the right of t h e  reh, rence circle. Sinvil ,irlv , movement of t h e  st ick fo rw ards
and backward s caused the horizontal line to move dow nvs ards and upw ards . 1 he distance
betw een the suh eL t ’s e~cs and alt imeter dia l w a s :ipprovimatei~ I • 14 in.

3.3 I’roeedure
I .ic h suh~ect w as  g iv en .i preiiniinar~ brie ling during vs liicli t h e  gei ier .if purpose P the

ex periment w as ev~-~,iined. It w a s  also stressed that the ev.per iment s hould not he v iew ed is a
co m petition betw een suh iect s since the corresponden ce betw een eac h suh pec t and his results
w ou ld remain conf ide n t i a l .  Suhpec ts were asked to keep in mind ari~ no te vso rt h~ as pect of the
ex periment s u c h  as unclear instru ct i o ns or insuflicient pr . iv t i vc . in preparation fo i  ans w er i n g
a post—e x per iment  questionnaire. A f te r  this initial briefing the suhpect w as taken it ito the labor—
ator \  vs heie more iiis irucl ions ex p laining the signi f icance of ’ the (‘R( ) disp la~ were read . Nex t
the computer w as svs it c hed on and for tw o  niinutes he vs as giv en practice on the t rack ing ta s k.
The aperture w as then opened and the suhpe et xv .is asked to vs :itch w hi le the reading on the
a lt imeter was c hanged fro m I ~))( ) feet to 2~

()( ) feet. I I l ls  w a s  to sl ow. the di rce t iot i  in which
the counter drums r v t , l t e d and a lso the ssa\  in vs hich the alt i tu de information w as presented.
Fo llovvin g this , more instruct ions w ere read ~1uring vs h ieh the procedure to he fol lowed in making
t he respo n se ss. i s ex p lained. 1 he su bjec t 5% as the n giv en prac tice at rea ding ten se t t i n g s  on this
alt imeter under t he same condit ions w hich vs ere to ,‘cciir in the main experiment. t he vcquetiee
w a s  ds fo l lows :  1 lie experin ieter sa id ‘G(Y and at t h e  same time sw itched on the analogue
co mputer vs hich cause d the lines on the sc reen to begin lii~ 5 rig. Integrati on of ’ the modulus of ’
the tracking error s vas a lso started at thi s niorlient and continued until the end of the trial . Whi le
t he subject tracked the lines . t lie ex peru meiiter ad) usted I lie al ti meter to give t lie first of ten pre— 5

v ious l~ se lected alt imeter re:idinigs . 1 lie shutte ; w a s  thet i opened ‘and the timer began tin iinig
the exposure. The opening of the shutter vs ,is a cue to the sublect to read the alt meter and then
close t he aperture h~ operating the sss itc h he ld in his hell hand. 1 his also stop pc ( : t h e  timer and
as t he subject returned to the tracking task lie v erhal ized the altimeter reading. - l i-~ ev pcriii ienter
noted t he response and the exposure durat ion. After each practice the subj ect w a s told the
correct reading and if ’ a large error had been made such a~ misreading t lie t housands dru iii .

the a perture w a s reopened so that he could see the actual sett rig again. The experimenter theti
reset t he timer and set the alti meter for the next reading. i’

After t he ten practice readings the subject vs as told that the main ex peri Client vs as about
to begin and that lie vs as to imagin e that the aircraft being siniu fat ed vs as to des~etid f ’rom .u
height of 10 000 f~et at a rate of 940 ft  m m .  th at is , that t he alti meter readings wou ld he Ti

descend rig order and vs ou ld correspond to the time that had elapsed since the conimeneeniciit
of t he tr i a l.  The main trial vs as then begun h~ t he ex perimenter sa~ ing ‘(10’ as lie sw itche d on
t he computer and started a stop watch. The rest of the procedure for the five readings corres-
ponded to that of tine practice vsith the exceptions tha t the tii iiimig of the opening of ’ the aperture
ssas contro lled in accordance with the simulated descent and that the suhpeet vs as not gnv en
know ledge of results . After term minutes t he trial vs as ended and the absolute tracking error vs as
recorded . The sub ccl then had :i break of about f i v e  ni in utes vs lir Ic t lie cx pen mcmi ter d iscon nected
the altimeter and rep laced it vs ith the ot her altimet er. The same procedure vs as the n follovs ed
for a not her group of ten practice readings a mid l i ve  ma in experiment readings f’or eav ii vu h)eet.
The comp lete tex t of the i ns t ruc t ions  is in Appendix 3.

3.4 E’~per imenial Design

As eac h subject sv as u sed as h i s  ovs ii eon lrof it ss is necess:m r~ to eounlcrha lance t h e  order
ol rresenlf li lion of the a ltimeter readings . Six of the si i hpeci s responded first to the .\ero Mechanis m

6



.iltimcter. F-or t h e  pr.ict ice tr i , u ls t w o  v ets P tei i a h t i u i i c t e r  ie , id ings w er e L) 1o.e t i  lioni tables (‘ f
normj u lI~ distr ibuted random miuiiihers ’ I lie t w o  sc i s  v ser e : ( o p  2420 , ~i p . ls~iu. 1(120 . 24S0 .
2 2 0  ~i 1 ( 1( ). 2 S l 0 . 1 240, .~) l sU . and (hI l~ 4H. 1 2 s ) ) . •~~) ) )  I I~

)) . ~~~~~ STh. 2230 . 2360, 14(,)) , ~o m
In a s i ’ i~ i’ w a ~ iw o  sets  f i v e  a f t i t udes  w ere chovem i for the main cxperim nent hut w i t h

t he con s tr a umit  that l ie’ , 1.0) to lie mn t h e  ramiges : Ii) ( NM )  to  911 ( M), ~( KN ) t~ 700( 1 ÔOX to 5000.
40011 to 3000, 2 ( 1 ( s )  to 1(5)0 . I lie n I- - r v emi ing t housand I t  i nte rva ls  w ere  required to give the
ex perimenter time to change the ah t i nc te r  readiiig betsy ccii sLu ~~ e ss i v  e ev p os ure s .

I he tvs o se t s  ol read nngs vs huch w ere used in the rn i ,ui n ex penun iien t are giv en h~ t he f i r s t
num bers in the fo l lo w ing bracketed pairs :

)~~i p  94~~
) . 3 4 - . I ~I90 , I 79p • ~l ~l) . 3 10) :  I 94( ) .00v i . p I 23n . S ) , ) p j - nd

(/, ) ~)~~‘0 . 29 1 . ~~~~~ I~~ ,. ~95U. 25~ p : 3~ (1) . 392p:  p1030 . 5~ 2 .
Ihe secon d nuniher in ea Lh pair is the time iii seconds , i (t er  t he hegininng of thi e t r i a f  at  sshii c hi
that reading v s , is  g iven .

I ac h P the t w o  sets of prac tice readin gs and main ~‘x p ’nt readings vs c rc tak emi vs it hi
eac h of the t w o  al t i  miieter s s i x  t imes .

I he main purpose in providing the tracking tas k vv as to place the subj ect  under a higher
vso r kload vshen reading t h e  alt iniieters . It has been fou n d that co mparat i v e  tests of alt i meter
rea dahihit ’  - ire made t i t or e sens i t i ve  if a moderate l~ d if h icu ht  addit iona l task is perfo rmed co n—
curre nt l~ - I urthermore the prov is ioni of such a t~~s k brings t he col ite\ t  of t h e  re~idinigs ch osen

oi t hat occ vur runi g in reah hifi~. But the frequemic~ v P rea ding errors and the measured expo sure
durat ions are not ind ic a t i ve  ni absolute terms of those to he ex pected in practice. 1he~ can (ink
form t he basis v ’ f a  coni par .ut iv L’ eva luation betw een t h e  tv % Instru me n its . How ever  sofl ie indicatiomi
of the ,ic~ ut .ie~ vs itlì vs hich each imistrun ient ma~ he read imi practice can he deduced from the
subjec t i ve  I nipress ionis ‘I t lie subjects amid j i s o  f roin a considerat liii of t lie ergonomic f~ictors
re lev ant to the tv s o a l t i meter designs .

It vs as ant ic ipated h~ t h e  exper imenter that ow rig to t h e  di f lerenc e s in t h e  design of the
tvs o alt imeter s the -\c i  \ l cch ian ts m imistru liieli t would take lom iger to read aiid vsould he misread
more f’re quent lv than the Sni ithis a lt inieter. l3ut thus e’v pect anc \ w as  not a l low ed to introduce

— an’s bias into the design or execution of ’ t he ex re ninie nt .
Reading an a lti meter as quick I~ as possible can he comi s ide red to he an exanip le of a choice

reactio n tinie task. I aeli s uhpec t ’s performance on the ta s k vs ould he a (‘unct ion of the accurac ~
and t he time required for the response. I he instruct ions did not give a specific w ei ghting to
t hese Suhpects sser e simp I~ told to respond as quick l~ and as ucc ura el~ as possible. In another
choice RT expert ment reported h~ F i t t s ~ . su hpe cts vs ho were instr ucted v i  niila rl~ vs crc found to
ad pust t h e i r  speed and error rate to produce the max ituuiii information tra n iv ni iv siomi r i t e .  In
the tr ia ls reported here hovsev er . it cou ld not he expected t h a t  su hp ects vs ould neeevs ari I~ do (
t he same. A l I of theni I ad f1~ ing experience and i t  could he argued that the~ vs ou Id place a
greater emp hasis on accuracy as the consequcmlces of niisreading t h e  a lt im neter during (Iv ing are
more potentiaIh~ disastrous t han taking a l i t t le longer ov er the reading. (‘omise quent l~ if the
su bjects use the same criter iom i of aecurac~ for both instruments , dif l~rences in readahihit~
wou ld he reflected as differences in response tiT h es . If t h e  su hpe c t s  varied the vsc ig ht im ig g ix cii
to speed and accurac~ from tria l to trial th ins could introduce large ramidoni ariations ifltO the
reaction times and verbal response data when ana l~ sed separate l~ . Consequent l~ it vs ould he
desira ble to combi mc both measures into sonic overal l  imidex of perforniaiice. I - nfort unat eI~
however , there does not appear to he any vs a~ of determining suitable magnitudes for the
weig hting factor s and for this reason the tw o  ani: i)~,ses w e re carried out iridependemit I~

4. RF:st I.TS
The macan times ta ken to read the Smiths amid the .-\ero \leehianisiii aht i  miieters vs crc respec—

t ix e l~ 2 - 9 6  and 3 -8 8  seconds. .- \s the direction of ’ t his dif krenee vs as ‘s pected from a priori
evide nce it vsa s appropriate to carry out a one’ta iled test of significance A Randomizat on Test
for M: i tcb ied-P u ir s shiossed this difference to he significant (p 0- 0 1) .

Dixon , W . J.. Mavse~ Jr. F. L.. lnirou / tu tion to Statis tical Anal i ’s i.r 2nd I d. NlcGravs—Hi lI
New York . 1957 . p. 452.

2. Fitts. I’. M. : Cogn i t i ve  aspects of im i forniation processing: I I I  Set for speed vs  accuracy .
Journal of E vperunental P Si ( l iOl ( i ~ 1. 71 . 1966 . 849 857 .
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e v % er mt ’ r v w ere  mn na v te iii rcav f ing the .u imim ni e te m s II ,‘ i i ls the mes h ) om ns v ’s vs ( u s  hi h,i v v ’ ( i ts iv le

~& I fe e t  ot the so i  ics t read ’ig ale couflted as ci T o T s . tv s o v i ’  O s  ss c i e  rru.iv hc in is ’as tuii i_ ’ t he
Sn nn it hs and nim ue w ere mni .ide in respo nse to the \~ u \ te~ ( u,ui l i s t i i  .il t umn i e t er  ‘~ o mi c —t m u hcd ~ ikoson
\I.,t,. i~d - I’al rs ~ u L ’ i i ev l  R. int ks I est s h iovses f  th is  not t v  he .i s lg n i i t i c . i m n t  d it le rcrnv c II \s e5 ~~’ of
t he nine v’ i i , v I s  mi is ’.iv l - ‘ the \v ’ io \ Ies - ht a i i is nni  a h i u n m i e t v ’ m sev en vse ie  m in is i . j kc ’  i i  t e . i v l i i t g  the
th , i u s . p mtds  or t e m is P t i iousan ish- s drum u vsh i e r c .u s  no v i  i. ’i P t f i i s  kind svei ~’ i r i , i v fv ’ in
Iv~ t he S i n t i ths al t imeter

lable I list  thie ve c r i v i s  ,ind I ug uie  s l i o sef is ’ni,it ic,ill~ mit e dial of t h e  ~et \ le~ I i . u t ius mi i
.thtitii ete r us it appe.ired vshe ,i each ot seven errors v v e i c  mn i . iv te iii reading tine thousands s In uum
In s i x  v isv ’ s sub lects t h ought t h at the re, ivh i r t v i  w .is T i e ihoui’.,ir iv h te~’t highe r t h a n  i t  .ictu.ill~
vs as .1 potem itial ha,.urd vs hen fl~ ~~~ it loss es clv

I lie scores of ini tegr ited uhsv ’lut~ t i . i v  king ci i n  w e re  a lmost u s f e m i t i c i l  t i  both v t  (Iii’ .i lt i
tne ters nt id conseg; ie i i t lv  it vs ,is riot n i c c ess a r\  to ca rm~ out .i s ta t i s t i cal te st  5~f sigi ii( iv- .inv-e
the se data

lAth I
Reading F.rror s

~ero \ le~ h.inisiii it )  S i t i i t h i s  I 5, )

Su hpeci I ) isp l,i% 
- 

Res pv ’nive I )isp l.i~ Res ivotise

2 vl si )

2 ~v) SIt
S Oil) h 240
I , 0’ ‘0  I OS(S) ) 04 ’~l

ill

s OS) )

hO 94 )) 014i’a t

0 394(1 4940
12 94~ () ((490

.-\ppemid x 2 l ists the s h ( ies t iom is vs hichi appeared ~‘ti the po st —e x pv ’ rim h iv .iit s hL it ’stiOilii.iil v’ .iiid
~‘roxideiv t he s~iht ~~~t v responses tO some (Sj them. I Pie fohh oxv inig u s .1 sunirnar\ v P  these , u m l sv sc r s
S i i h p c v t s  gemiera lh~ t’oum iv h t h at the tracki n g task vs .is e.u s iv ’r to v’oni tro l vs hen L is n i te  stii ,il l s t ick
movements . Some trued to control directly the point defined h~ the inter vec t iom- u of the Ivy o lines
v y b , re,ns the ot hers controlled the tv s o lines indepemident l~ -

Ihe responses of nine sub lects indicated ,u clear preference Po t t h e  Sniithi’. a ltimete r , one
indicated a preference f’or t he .‘\ero Mes’hianism ii alt imeter amid another tvs o w ere cri t ical v ’) bv ’t hi
a lt imeters. ( r i t i c i s ins  of ’ t h e  Sn i i t hts a l t imeter  were minor. I or examp le. sonic s L lh Iv ’v t ’  s ,iid t h.ut

t 

the last t w o  digits (5) ) arid 00) vse re redum idam it amid could he co m if ’usung. I ight s u ih tec ts  st . i tes f
exp hie i t h~ t hat the~ had encountered troubl e rcad umig t h e  t h ousands vs imidovs 5 vl ’ t h e  -5 ,ero Mccli i-
riisni al t imeter.  It .ippearcd t’romn t heir cv v mh in iemi t s t hat the correct i n te rpre ta t ion  of th is  in istr um iis ’iit
re quired add i t i v v m ra l  inf ’or niat ion compared v v i t h i  t h a t  disp l.i’.ev h on t h e  di ,il v ’f ’ thi~’ ‘~niiit his .ml t i m i i eme r
I his difficult~ s t v ’t i ime d from u being able to see t w o  digits simi iul ta neo ush~ iii the enil.urged th ious ,imi ds
vs indoss • F- or example , at a height of 35(X ) f’eet. a t h ree occupies the lovscr vs indoss .uie,i .inis h
four us dispLt~ ed pust above it hut ,vi. the v,lTils’ st ist , incc f rom the xv instovs cent is’ - 1-untherniore .
at sax 95)) feet , the numiicral ‘I’ ~ a lmost centred mi the vs i i i v hov s to g iv e  ,i iead ing vs his’hi could
ve r s e, isu l~ he mistaken f or  I ‘150 feet - One s ubpec ( descr ibed lioss hi’ coped vs itli I Piu s pi oblciii . is

f ’olhoss s : ‘‘ I tried to puck the number that appeared through or mostl y, below the ini. ig iit. itv ~‘em it re
line t h rough the fi gure s lot A m iother de su gni def~et is that vs h e i r  the pointer us .it the S ‘0
positt om i i t s  head con iphetels obscures the 10000 ’s vs tmi dovs t h i s  added coni ip k-xi tv vs .is pmob.ilv l~
a factor con tributing to the longer tim uc vs hich v s is mieeded to re id th is  instm u i niem rt Su i i cv ’ miot ie
u~f t he s uih pect s had used either alt imeter prey iousl~ in t heir liv un ig CV h’ t’T ii’ns’i— it us uinrhm kel ~ t h.mt
the vu hpect s vs crc exp ressi iig an~ prior pre puduce s about n hiese .iht i u i tv ’ ts ’, vs licn ;im isw en- i rig the
question n~u ire.

4 8

t ________ _ _ _



9550 iOJd us 7850 read is 5950 i ‘ u ~ is
10560 8860 (5950

3860 read its 9470 read dS 3940 ro, ud ,us
4880 10480 and 0490 494()
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5. CONCLUSIONS

Although the integrated absolute tracking error turned out to be an insensitive measure .
t here is sufficient evidence from the difference in exposure durations and from the subjects ’
comments to imidicate that of the two altimeters the Aero Mechanism type is the more difficult
to read. Furthermore, almost al l of the reading errors were mistakes in reading the thousands
sca le of the Aero Mechanism altimeter. This can he rationalized ergonomically by considering
t he wa~ in which the counter of this instrument has been designed . Another poor feature of this
presentat ion is the shape of the pointer. When the pointer is in the 850 feet position, its widened
end comp letely obscures the tens of thousands digit.

In contrast the Smiths altimeter has large digits which are easy to read and which change
over quickly just before the pointer reaches the zero position. Although it has been found that
t he inclusion of redundant information in such a display often enhances the readability, some
subiects found this characteristic of the altimeter disp lay potentially confusing.

In pract ice, while t he aircraft is actually changing height, the drums of the Aero Mechanism
alt imeter would move continuously. This would prov ide an extra cue to simplify the task of
reading the counter. Yet from the results of the experiment , and from an ergonomic appraisal
of the design of the disp lay, it would appear that the possibility for making erroneous readings
of the thousands and tens of thousands drums of the Aero Mechanism altimeter is significant.
Consequent ly , use of this instrument in an aircraft could be hazardous.
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ArPF:NDIx I
Ihe lateral and longitudinal d,namicx i of’ the a ire raf ’t wer e simulated by us ing uncoupled

v et s  of’ linearized equuilmons . (‘onsequentI~ t his vumh idi f ~ is limited t o situations n m iv o lv rng  onI~
small perturbations . Ot her aspects of ’ t he simulation can he deduced from the values oh’ the
coefficients given below. In this case the short period oscmlhat ion had a period of ’ approximatel y 3
seconds and the period of ’ t he phugotd m ode was approx imate ls 42 seconds. Where tine ~‘OCth

cnents var~ with ~ the values quoted correspond to when is equal to ten degrees .

4pp roae/ i ( ‘(,njiiia,is

II (ml) Sea E.evel F- (k g.nr~) 60 9(X)
- ( iii s b 90 J v: (k g.mii~) (1

0 2646 (‘ ( - 
‘
,, c chord 49

U (k g) 7 5(X) (~ chord c (in) 8 0 5

q (kg.ni ’ ) 502 M A C .  c (nih 5 - 2 5

I~ (kg. mn-~) 9 100 1’ span (m) 8 2 2

I~, (kg .mu - ~) 56 3ot) ( ‘
,. 0 43 5

‘
p 0-0945 ( 

~ 
0 0859

( i  (r i ) 2 -63 ( ‘/ , (r i) ti 146

C ’,. (r m ) I - I S  ( ‘ i (r t )  0 0 1 1 5

C’,, (r m ) 0~~ ( , , Ir i ) 0 2

( ‘m (r i )  0 268 C ’,,, (r t )  0 2

( ‘m a (r t )  (1 499 C ’,, (r m ) 0 3 6

(‘mq (r n - s  i ) 1 3 5  (
‘
ii ,~~, (r ~) 0 0349

iv 2 1 (‘nut 0 04 1 ( ‘ v#~, (r i )  1) 0412

(r i) 0- 5 73 (‘ H ,, (r i) 0-0556

( ‘
~~~~ 0’ t )  0 0963 C,,, (r i )  0 2

(r i ) 0- 117 S wing area ( mii~) 34

$ (‘i, should actually he 0-966 hut this mnakes the task uncontrollable.

‘ t h e  two noise signa ls were from a Hew lett Packard 111 )—I -3722A nomse gemiena ’ or vs ith the l’ohlovs ing
settim igs :

l)e lay code 2~9
Sequences length int imate

I ~ Clock period 3 - 33  mx
i3inar~- Output I hO V

the circuit diagrams for tile lateral and longitudinal d,namics show that the tvs o hmnar
noise signa ls were I~d m nto the s~sIem a the input to i m rtv ’gr~iiors (‘onscquently the noisc—iflduc~d
changes in position of the displa~ him ies were continuous rather the binary m i  nature.

Hlakelock. J. II. Aulomatie (‘outro l of ‘u n -ra ft a,,,! %fu ss u l e v John 5 ,\i hc~ and Sons Inc.,
New York : I9&~.
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FIG. 6. DIAGRAM SHOWING THE AXIS SYSTEMS USED IN THE SIMULATI ON OF THE
LATERAL AND LONGITUDINAL DYNAMICS.
Note: The perturb ations are considered with respec t to the stability axes X0, Y0, Z0.
These axes are consid ered to be fixed with respect to the aircraft once they are aligned
with the Xaxis into the relative wind.
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APP F. NDI X 2
Post Experimen t Questionn aire

What line of appro ach if any did you use to opt imise your performance on the tracking task ?
What line of approach if any did you use to enable yo u to read altim eter A (larger of the two )

quickl y and accuratel y ?
What line of approach if any did you use to enable you to read altimeter H quickly and

accurately?

Did you adopt any particular strategy to enable you to opt imise s-our performance on the
tas k as a whole ? If so describe it briefly .

What are your v iews on the adequacy with whic h altimeter A disp lays altitude information ?
What are your view - s on the adequac~ with whic h altimeter B displays altitude information ?
In your previous flying experience, have you had occasion to use either t~ pe of instrument?

Altimeter A YES

~~~~~~NO

Alt imeter H i t s

~~~~~~N()

Place a tick in the appropriate box.

Did you notice any deficiences in any aspect of this experim ent? For examp le. you may
have needed more practic e or some aspect of the instr uctions may not have been clear. Write
down these impressions and if possible suggest vsa~ s in which the experiment could be impr ov ed. 

-~~ —- 



APP ENDIX 3

Pre-ex periment Briefing
Although this was not actuall y read to all of the subjects in this form the points which it

covers were ment ioned in each case,
“Thank you for agreeing to take part in this experiment. The aim of the experiment is to

compare the readability of two altimeter displays and since the tasks are particularl y relevant
to fli ght crew it is important that peop le with your particular back groun d of fl y ing experience
should part icipate as t he subjects. All of the results of the exp eriment will remain confidential.
That is, because of the method to be used in reporting the results it will not be possible to identify-
a part icular subjec t with his particular score. Consequently there is no element of competition
between subjects. It is the altimeters that are being evaluated - not the subjects . Neverthe less
you are as ked to do your best in each part of the experiment.

After the trials you vs-ill be given a questionnaire to answer. To do this you will need to try
and remember the way in which ~ou made your responses during the trials and also an~ defm-
ciences in the design of the experiment. So in preparation for answering the questionnaire tr~
to remem ber any of these points that become apparent to you during the running of the
expe riment.

It is important that as far as possible each subject should participate in the experiment
under identical conditions. ConsequentI~ I would appreciate it if you would refrain from
discussing the experiment with others that may be ta king part.”

W ith the subject seated in front of the CR0 screen he was given t he following instructions
and practice.

“On the screen in front of ~OU are two intersecting straight lines. These move in response
to signa ls from the computer a ~i can be con t ro lled by moving the sidearm controller st ick located
on t he right side of the chair. During the trials you are to move the stick so as to maintain the
intersection of the lines within the black circle.

The signals from the computer actuall y represent t he deviations in attitude which would
occur to a delta wing fighter aircraft fly ing through turbulent air on a landing approach. Dis-
placement of the vertical line to the right indicates that the aircraft is banked to the
ri ght. Disp lacement of the horizontal line below the circle indicates a nose-down attitude. By
moving the stick left , the vert ical line can be moved to the centre of the screen. This indicates
t hat the lateral axis of the aircraft is horizontal. If the stick is drawn backwards the horizontal
line can be moved upwards until it intersects the circle. This occurs when the aircraft is flying
along a horizontal pat h.
Are there any questions?

I will now switch on the computer for two minutes to give you practice at controlling the
att itude of the simulated aircraft.

Now I want you to watch the altimeter as I change the reading from 1 500 ft to 2500 ft. - :

For the purpose of the exp eriment this instrument will be termed altimeter (A 13).
Next I want you to practice reading the altimeter at certain times while carr yi ng out the

trac king task. During the main exp eriment the procedure will he as follows. When I say “ GO”
begin tracking the lines and do this as accurately as possible. Tracking errors during the trial
will be accumulated continuously and will be used as an index of performance.

While you are performing this task the aperture will open and when this occurs you are
to read the altimeter as quickly and as accurately as possible then close the shutter by pressing
the hand held push button switch. When you have done this tell m e  what the reading was and
return to the tracking task. It is important to close the s hutter before verbalizing the response
because the exposure duration is also being recorded and used as an index of performance.
During these practice trials I will tell you w’hat the correct answers are. 
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Remembe r the procedure is

~.ti to begin the tracking task when I say “GO
(hI read t he a lt imeter as qu ickl y and as accu ratel y as possible when the aperture opens,

c lose the aperture by pressing the butt on, and
(d l vc rhahmie the altim eter readin g and return to the tracking task.

Are th ere any que s tions ?
ou w il t be required to read the altimete r 10 times during this trial. Remember that it is

mmpo rtant to try and minimise your errors on t he t ruckin g task during the entire trial.
The practice w i l l now begin.

~~e are now ready to beg in the main expe riment. You are to imagine that the aircraft is

descend ing from a height of 10 000 feet at a rate of approximatel y 940 ft m m .  Consequent l y
t he trial will take ten minutes to run .”
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RESULTS FROM POST EXPERIMENT QUEST iONNA iRE

What line of approach if any did you use to optimise your performance on the tracking task?
Sub~ect I (a) Avoid tenseness in the hand.

1-i ) Found it possible to anticipate lateral oscillations.
(c) ~ sed gent le corrections for small deviations and comparativel y larger on-off

inputs for longer deviations.

Subject 2 Tried to keep the cross lines in the general circle area rather than on centre.
Tried to relax eyes as often as possible to avoid fatigue i.e. focus a little away
from circle for a few seconds here and there.

Subject 3 ALTITUDE READING
(a) Select nearest 1000 ft and ascertain position of 100’s pointer.
Ib) Check A C attitude.
(c) Se lect 100’s of feet.
(d) Check attitude and at the same time calculate altitude.
(e) Check altimeter to confirm.
(f ) Cancel altimeter and call.

T R A C K I N G  AIRCRAFT
Fly as for normal u S  procedure:
(a) Small contro l movements.
(b) Stop error change attitude to return aircraft to centreline smoothl y

without overcontro l.
(c) Relax pressure on control column periodicall y or if over control is evident.

Subject 4 Tried to minimise stick movements and drive the intersection as a single variable.

Subject 5 I attempted ! centralize one axis first , t hen chased the second whilst holding
the first neai the centre . Once both were near centre I used small adjustment on
bot h to at i~mpt accurate centra lizing. A system of “change-check-hold-adjust ”
tec hnique used in instrument flying attitudes. I cannot recall what error there
was after rea ding the altitude but instinctivel y- chose one axis , t hen the next.

Subject 6 Only watc h the screen for short periods at a time because in an actual aircraft
t here would be other instruments to watch also. Continuous vision on such a
screen is difficult but broken vision is more effective.

Subject 7 No conscious line of approach other than to ‘fly ’ it as a real aircraft w i th  a rather
strange roll attitude display, (the pitch display also being ‘bac k to front’).

Subject 8 First action was to use elevators to keep attitude and airspeed right as one would
in piston engined prop. driven aircraft as airspeed fairly important on approach
particularl y- closer to the ground. Secondly to use the lateral effects of the control
as one would to keep the aircraft on course and wings 1ev-el I found my-self
chasing the thing around and overcorrecting. This might have caused misleading
results as most aircraft have inbui lt latera l sta bi l it y - and fend to right themselves
anyway. It mi ght be that jet aircraft such as Mirage are flow-n differently- with
engine thrust affecting speed more and attitude, rate of descent.

Subject 9 Initially just correction.
Finally antici pated for overcorrection.

Subject 10 1 did not use any conscious line of approach.
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Subject I I t se as little control input as possible. practice looking at where altimeter
(position ) appears.

Subject 12 Not having any feel for the control rate, I seemed to he overcontrolling markedl y
during the initial part of both exper iments. The task seemed to become easier
wit h time hut may have been due to smaller perturbations. Smaller control
movements seemed to he adequate towards the end of the experiment.

W hat line of approach if any did you use to enable you to read altimeter A (larger of the tw-o
quic kl y and accuratel y ?

Subject I Read drums first then checked pointer.

Subject 2 Difficult to answer . I simp ly read the first t w o  digits from the drum and then
t he last tw o  - to the nearest 20 ft. from the needle. I found this one easy on the
e~ cv .

Subject 3 Pick approx imate height on digital disp lay- and chec k 100’s pointer accuratel y
us ing procedures as in altitude reading above (see the response of subject 3 to
t he first question) .

Subject 4 Read the numbers first (say 2950) then the pointer (930) for accuracy.

Suh~ect 5 I ignored t he last tw o digits (i.e. 00. 50) and read the hundreds (e.g. 3900. etc.)
t hen checked the “9” on the pointer and read the pointer to the nearest 20 ft.

Subject 6 Forget last tw o digits.

Subject 7 Read the numerical displa~ first , then gained fine resolution with the pointer.

Subject 8 Firstly digit indicating 1000’s of feet. Secondly digit indicating 100’s of feet.
Thirdl y read 100’s and 20’s oft clockwise scale. Ignored digits indicating 00
and 50’s.

Subject 9 Read digits (tern’ :,1 e\ to i gn o re fift y foot reading) Estimate 20’s of feet from
pointer.

Subject 10 First the digital display, then the pointer. The display to give thousands then
hundreds and the pointer for tens.

Subject II Read the thousands off digital scale then read hundreds and tens of feet off
outs ide scale. Memorize position of needle and w ork out reading after altimeter
disappears.

Subject 12 (a) Quickl y look at digital disp lay.
(h) Modify t he “tens ” by re ferring to the needle.
(c) Check that the hundreds are of the right order.

W hat line of approach if any did you use to enable you to read altimeter B quickly and accurately ?

Subject I (a) Checked for lowest 1000 ft. figure.
(b) Read remainder of figures.
(c) Checked pointer. :~Subject 2 Much more concentration -- more t ime required to read the first digit especiall y-
w hen it was ± 100 ft. from a new 1000 ft. step.
Once t he idea of reading up i.e. 3/2 used this made it a bit easier.

Subject 3 Same as for A except the digital display required longer to check.
Subject 4 Thousands and trend off the counters, then hundreds and tens from the pointer.

Subject S ~~~~~~~~~~~~~~~~~~ -4- centre line

I tried to pick the number that appeared thru’ or most ly below the imaginary



centre line thru ’ t he figure slot. That gave me the thousands and I read the
remainder off the needle. The major problems occurred wit h figures . near the
full thousand where there wasn ’t a bias below- the centre line.

Suh ~ect 6 None.

Subject 7 Inteiptila te thousands of’ feet on the numerals , then hundreds and tens on the
pointer.

Subject 8 Quick look at I000s, then looked at the lOOs and 2o-~ on circular scale. Then
sometimes a second look at 1000s to ascertain that the I digit hadn’t fully- re-
gistered as it would if the reading w as say around 950 ft. I might have had a
second look at 1000s digit on 1st Alt hut can ’t remember doing t his.

Subject 9 Read digits (say between 2 & 3 thousand).
Read hundreds.
Lstimate 20s of feet pointer.

Subject 10 The same method as with “A” how-ever I found this tspe more diff icult to read.

Subject II There is no real w ay of reading this meter quickly- . Time had to be taken to get
the correct reading ofT the thousands dig i t .  The needle had to be used as wel l
to determ ine which digit vv as nearest for the thousands. A gain I memorized
t he position of the needle and worked out the hundreds and tens of feet after
the altin eter had disappeared.

Subject 12 (a) Read the digital number.
(b) Decide whether it was above the “datum”.
(c) Read needle for “hundreds”.
(d) Close shutter and rely on niemory for tens .

W hat are your views on the adequacy with which altimeter A disp lays alt itude information?

Subject I Very good presentation.

Subject 2 Excellent.

Subject 3 Generally adequate. Iion -c;-er there are positions in which the lOGs pointer
obscures t he digital display. Readability- otherwise O.K.

Subject 4 Good—gives “ball-park” figure immediatel y on read ing.

Subject 5 “A” g ives too much info. on the drums.

Subject 6 It would be better without the last two digits 00 and SO.

Subject 7 I found the duplication of information confusing. That is. the disp lay of digits
less significant than one thousand on the numerals. It seems more natural to
display only thousands numerically- . This opinion is probably coloured by the
type of altimeter I have used most.

Subject 8 If flying along at constant altitude would tend to ignore the clockwork scale and
just read the digital one. When changing altitude the fact that the lOOs and SOs
are disp layed twice could lead to some confusion until one got used to it.

Subject 9 Less distracting to obtain reading than B enabling more concentration for task.

Subject 10 Very good. I found this type easy to read quickly.

Subject II On using t his altimeter I would tend to use only the digital reading unless I
needed greater accuracy in which case the last two numbers on the digital disp lay
would be a nuisance.

Subject 12 (a) Digital display figures were bold and easy to read.
(h) The “tens” figures were disconcerting at first. seeming to he redundant.
(c) Upon reflection however . it would enable very quick ball park estimation

to be made, especiall y in a heavily tas ked situation.
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W hat  arc ou ess s on the adequac~ wi t h vs Inch alt imeter B disp la~ s a lt i tude information

Subj ect I I’os s i hi l i ty of misreadin g Alt .  If seems ve r~ high , especiall y if
(a )  oii k . quick glance is taken.
hI no ot her a ltitude cues arc av ai lable.

Subje ct 2 I)iilicult to read , as exp lained earl ier the f irst digit. Would much prefer to read
altimeter -\.

Subject 3 I~ o ma// . Digita l disp la~ difficult to absorb unless e\ccs ~,v e attention is devoted
to it as only one number m oves .

Suhiect 4 Confusing at f irs t , better w i th  practice.

Subject ~ B g ives all th at I find micce ssa ry. t hat is . full ihousunds and the needle gives the
next sat isfactor i l y -

Subject 6 The drum on w hic h the “thousands ’ digits were pa inted needed to he larger
s,m t hat the last nuniher coming up could he read.

Subject 7 As mentioned above. I found this desi gn to he intrinsically better under most
c ircumstances w i th  one glaring except ion. The readability of the numeral disp lay-
v ’. as poor at the 9001) 10 (100 ft. t r ans i t ion.  Better spacing of the numerals on
t he digital part of the dis pla~ vs ould have i ni proved readability.

Subject 8 The fact that the 1 00(1 ft. dig it changes as t he hand of the clock scale turns could
lead to confusion a~ to w hether reading is 7900 ft. or 8900 feet. Could he a
serious t~mu lt at alt itudes in the v ic in i ty  of terrain alt, under IF.  R. cond itions.

Subject 9 Requires more - ~‘nc entration than “A ’ . Thousand digits can be obscured by-
pointer needle

V~ o rs t case partial blanking when tw o  digits are disp layed. w ron g digit may
he read as it i~ the on ly one seen , giving an order of error in reading. I I;asil~
done when task is sufTering due to temporar~ neglect. )

Subject 10 More concentration had  to he used to read this t \ pe.  Poss ibly because less
information is avai lable at t he first glance. the pointer has rig to he used to
determine hundreds then te ns .

Once or tw ice  after reading the pointer I found I had forgotton the displa y-
read ing.

Subject II This meter iv hard to read particularly w i th  reference to thousands of feet as
more than one number can he seen at any one time.

Subject 12 (a ) Decision making on the position of the dig ital display could lead to prolonged
visual dwelling on this area.

(b) For an instrument panel seen during instrument flying this could break up
the ey e pattern.

(c) The smaller instrument dial seemed quite adequate and upon reflection
may have made the task easier.

_ _ _ _ _  ~~~~~~~
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